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NOTATION

Dimensions
I ot Dimensions in
Symbo Description Mass-Length-Time
d Propeller Diameter L
n Propellor rate of revolution !
R Propeller tip radius L
R’ Radius of slip stream in L
plane of wake mesasurement
r Looal radius L
T Propeller thrust MLT"2
v Axial velocity of propeller or
’ pitot tube through the water LT!
at radius fraction 2
v, Ship speed LT
Av Axial velocity change at LT1
radius fraction
p Mass density ML-3
Coefficients and Ratios
Symbol Formula Desoription
c ___T‘ Propeller thrust-load
TS Yo m B2 2 coefficient
v Propeller advance
J “nd coefficient
J i) Propeller apparent
e d tlicient
nd advance coefficien
T
% — Propeller thrust
T p n2a4 coefficient
W v Taylor wake fraction at
x 1-— - :
» radius fraction »

@ — or Ti— Radius fraotion
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ABSTRACT

The radial distribution of propeller thrust-load coefficient is caleulated
from experimental wake data obtained from towed and self-propulsion tests on a
submerged body of revolution. The experimentally obtained thrust disteibution
is in excellent agreement with a theoretically calculated distribution, Numer-
ical integration yields a total thrust-load coefficient which is in good agreement
with propulsion test results.

INTRODUCTION

Past efforts to determine the radial distribution of propeller thrust have been mostly
by theoretical means. Information is especially needed for a propeller operating behind a
submerged body rather than for the open-water propeller condition.

In this report, a radial distribution of propeller thrust obtained theoretically is com-
pated with one obtained experimentally. The experimentally determined radial wake distei-
butions were obtained from tests on a submetged body of revolution. The radial distribution
of propeller thrust, or more conveniently the propeller thrust-load coefficient, Crgis easily
obtained from such wake data. The results are presented as curves of wake fraction and thrust
coefficients. The calculated total thrust-load coefficient is compared to the thrust-load
coefficient obtained from propulsion tests.

EXPERIMENTAL WAKE DISTRIBUTIONS

The wake curves of Figure 1 were obtained from measurements made a short distance
(0.227 d) abaft the propeller rotational plane on hoth a towed and self-propelled model. The
wake survey was made on both the port and starboard sides of the model by means of pitot
rakes. The method of mounting the wake survey rakes in the upper quadrants and the general
arrangement of the port and starboard wake survey assemblies on the model are shown in
Figure 2. The axes of the pitoi static tubes of the rakes were set parallel to the average
slope (tan 14 deg) of the afterboly and lie in a 45-deg meridian plane. For the purpose of
computing thrust, a cosine correction was applied to the measured velocities. The effect
of slip stream rotation on the experimentally derived thrust distribution as obtained by the
pitot survey was mathematically investigated. For this case, the correction as calculated
by the method of Pankhurst! was found to be negligibly small,

lRefmngu are listed on page B,
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Figure 1 — Radial Distribution of Wake Fraction With and Without a Propeller
as Determined from Tests on a Submerged Body of Revolution

| RADIAL THRUST DISTRIBUTIONS

The axial momentum equation functionally relates the wake fraction curves from towed
and self-propulsion tests (Figure 1) to the incremental thrust as follows:

dT=21rp(v+£22)Avrdr (1l

where A v represents the velocity change between the towed (without propeller) and the pro-
pelled condition., A v and v are expressed nondimensionally (Figure 3) as A v/v, and (1 - W,),
respectively. The curves shown in Figure 3 were derived from the curves of Figure 1 by : 4
applying the appropriate cosine corrections (mentioned previously) and by correcting for the j
contraction of the propeller slip stteam. In computing & for the ptopelled condition, £*was ! |
estimated to be equal to 0.968 R based on data derived by Theodorsen.? ‘
Equation [1] can also be conveniently written in nondimensional terms. Let 2 = r/R l
and divide by (% p v,? # R?) then the thrust distribution is given by

i aCrs Av-4 2 |
I3, .z Ul +l A‘U) [2) }
2 0‘2 2 'u' . 2

2




Figure 2a — Plan View

Figure 2b — Elevation

Figure 2 — View of Wake Survey Rakes
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Figure 3 — Radial Distribution of (1-¥,) and Axial Velocity Change from
Towed and Self-Propelled Tests
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The experimental thrust distribution dC g/ da obtained from Equation (2] and a theorctically
obtained distribution are plotted in Figure 4. The agreement between the experimental curve
and the theoretical curve is excellent. Recent developments in the circulation theory 3+4:5
and the manner in which the experimental distribution was obtained, both make necessary an
explanation of the curves shown in Figure 4. The shape of the distributions towards the pro-
peller hub and propeller tip is of particular interest, At the propeller tip, the experimental
curve exhibits a finite value of dCy¢/do (solid line) which fairs into real experimental distri-
bution at #= 0.9. Why the diameter of the slipatream is larger than the propeller diameter is
not completely understood. A number of factors such as flow separation on the appendages;
interaction between the hull, appendages, and propeller; or the appendage arrangement itself
could be contributing factors. This virtual Av does not, however, produce any additional pro-
peller thrust due to the lack of a point of application beyond the propeller disk. Equation (2]
does not consider this fact; therefore, the real experimental distribution is faired to zero at

@ = 1,0, In contrast to the experimental curve just discussed, the theoretical thrust distribu.
tion falls to zero at both the propeller hub and propeller tip. The accuracy of theoretical thrust
distributions was greatly increased by Tachmindji’s formulation and solution of the potential
problem for the circulation distribution of & propeller with a finite hub,3 Prior to the publi-
cation of the data contained in Refersnces 4 and 3, theoretical thrust distributions were less
accurate near the extremities. The circulation distribution as calculated assuming zero hub
diameter would yield a finite value for ¢Cy g/de at the propeller hub. This is caused by the
extention of the vortex sheets to the propeller axis,

TOTAL THRUST

Using Simpson’s rule, the total thrust-load coefficient was calculated from the experi-
mental distribution shown in Figure 4. A Cjp ¢ value of 0.595 results from the integration .
The total thrust obtained from a model self-propulsion test is estimated from Figure 5. The
characteristic curves for Propeller 3278 are entered on the abscissa at a J of 0,805 as deter-
mined from a model self-propulsion test. The corresponding K 5/J2 value is found, by inter-
polation, to be 0.545. By calculation K ./Ja? = 0.545 (1 - W)? is found to be equa! to 0.2163,
Therefore, the value of Oy g obtained from the propulsion test is 8/x - 0.2163 = 0.551. The
agreement between the (¢ values obtained by the two methods is very good.

CONCLUSIONS
1. For the hull-propeller combination considered, the experimental and theoretical thrust
distributions are in excellent agreement.

2. An integration of the experimental thrust distribution yields a total thrust which is in
good agreement with the results obtained from submerged model propulsion tests.
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Propeller 3273
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TMB Drawing C-3273 by VVo + (0.7nd)

Reynolds Number, Rg =

Y
Number of Blades 5 T
Exp. Area Raﬁo 0-611 Thfust Coe"icl@n‘, Kt = -—W
MR 0.242 P
BTF Vat, ]
Torque Coefficient, Ky= -——
D(d 0.951 1 o2
Diameter 9,900 in. P
Pitch 9.415 in, Vo
Rotation RH Speed Coefficient, J -—
Test RPM 858 n
Test v, 2.5 =7.0 knots Ehclane . ™V, % J
IR =T K m
T = Thrust
Q = Torque
n = Revolutions per Unit Time
Vo = Speed of Advance
y = Kinpmatic Viscosity
d = Diameter
p = Pitch
p = Density of Water
e sdes
TION..
oo seap.  EIMNSON AARox
M.l.lﬂ 577‘777m~. Py
-
&Alt
)

& 8

2.
(o

Py .



T
T N
i
¥
<
an
i
N
, = g
T i Hoe H ™
Aiid b - + aH 28
- 8 78 gRE RN u N I
r 1 T
e Mn ] it RS R
x 1 1t ] «
198 3 e ] & e A S
~ R 1 H413 +H 1
ﬂ:-u, ESSEHESRNRAREREY ERERERaSS 1 H
1 -t + 4
ok . | 1% T35 I - 13 y
g d IR A VT Eeangaataras: ~
{1t 'y 1111147 [epdSu” S Radth S
S SEPRASEEES BT B imEuRE
Ll i 113 Iy E
] H 3 5 HiH T
H ] JHEH BESREN 134 112N
LN T A 3
T - T
: § NEHTE TREESLE: ] =
H HiH Nl T O IR
] p T P LH LT p Bk SRE
! 14 T S NN A

—
i

1T
Iy
=

T
Iuw
s
T
11
ot
it
sy
"
=1
o oo
Y
»{Ro'SAHO‘
T
it
i
h
D iR
-
i
t
o
+
e J’
Set -+ +
+
e
”i
r
+Hp
I
1
ST CONTOURS OF
T
Q.5

1 e
BN il M
w‘ n 1+ 4 B BURS 1 I.T\X} . e T
11 p and s e HERSe e b
i LfL 6ﬁ.|., &, 4y 4 § SURURR nug A .TD.HK.
T ] f SRSy pRERSERRSNRORAS
kidas LT 41 sRatgRssdenbant
3 I A f\\L T i \ T Lm ﬁ.,m. b
d HHH 2ty - SEY maney 1B v..ul A.W
N e HEfetA N tH o
I R A s AT S
-+ FH N R H3TH THHH -1
H aeEsE]’ing R
S
1 n
T
5 f ! E °

n ” o -
3 -1 P p:3 P d 3 o

ON01) INFINAII0D INDYOL ANV ‘() ADNIIDNASI “(hi) ININA430D LSONHL

SPEED COEFFIGIEENT J

Figure 5 — Plans and Open-Water Characteristic Curves for Propeller 3273
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